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BEHAVIOUR OF CONCRETE UNDER HIGH VELOCITY IMPACT 

(R.A. Goel, S. Chandra, U.C. Chandola, A. K. Abrol & R. Kumar) 

(Terminal Ballistics Research Laboratory,  Defence  Research  & Development 

Organisation, Chandigarh, India) 

S tee1 Fibre reinforced conc re t e  (SFRC) has  shown improved engineering 

propert ies  such as Flexural s t rength  and sha t te r ing  res is tance  e t c .  in comparison 

t o  Plain or  Reinforced Cemen t  Concrete.  This technique has  been recommended 

f o r  t he  construct ion of explosive/amrnunition s to rage  buildings and processing - 
areas .  Experirllentation have been  undertaken t o  inves t iga te  i t s  behaviour 

against  high velocity impact  of projectiles. Specially designed model projectiles , 

of ca l ibre  30 mm were  n a d e  t o  in t e rac t  wi th  d i f ferent  types  of concre tes  

such as PCC, SFRC and S F R C  reinforced wi th  s t ee i  rods, with varying velo- 

c i t i e s  ranging f rom 50 t o  450 m/s. Transient  behaviour of t h e  interaction has 

been recorded with high speed photography. In t h e  process of high velocity 

Impact  concre tes  a r e  damaged differently,  showing cracking,  spalling or scabb- 

ing o r  their combinations. Behaviour of various types of concre tes  against 

high velocity impact  and their  compara t ive  per formance  have been discussed 

In this paper. 

Introduction 

Conventional plain c e m e n t  c o n c r e t e  although in use for  decades  but 

has  limited suspe of application d u e  t o  i t s  low tensi le  s t rength  and poor duct i -  

lity. In prac t ice ,  conc re t e  is normally reinforced with s t ee l  bars  or  mesh to 

withstand tensi le  s tresses.  Advancement in ma te r i a l  sc ience  and engineering 



has led t o  t he  development of a composite  construct ion mater ia l  named Stee l  

Fibre Reinforced Concrete.  I t  consists of conventional conc re t e  or  mortar ,  

reinforced by random disposal of shor t  f ine  s t e e l  f ibres  of specif ic  geometry. 

This conc re t e  has be t t e r  tensile s t rength ,  toughness and ductility vis-a-vis 

plain o r  reinforced concrete.  

To study the  behaviour of this  c o n c r e t e  against  high velocity impact  

of t h e  project i le  extensive work has been  car r ied  o u t  at Terminal Ballistics 

Research Laboratory,  Chandigarh, lnd'ia and t h e  de ta i led  investigations a r e  

repor ted  in t he  following paragraphs.' 

Experimental  Set Up 

Impact  s tudies on conc re t e  t a r g e t s  w e r e  car r ied  ou t  with specially 

designed project i les  of ca l ibre  30 mm. The  project i les  were  of CRH value 

one  and the i r  length was 150 mrn. These project i les  w e r e  hollow and filled 

B * 
with high explosive subst i tute .  The project i les  w e r e  made  of E N 2  4 material.  

They were  in t he  weight group of 472 k 4 gm. These project i les  were  projected 

horizontally with 30 mm launcher a t  desired velocity. Velocity of t h e  projectile 

was varied f r o m  50 t o  470 m/sec  by changing t h e  propellent weight. Figure 

. 1 shows an  assembled round alongwith i t s  components. 

Three  types of conc re t e  blocks i.e. P C C  (Plain C e m e n t  ' c o n c r e t e  1, 

S F R C  (Steel  Fibre Reinforced Concrete)  and SFRC reinforced with s t ee l  rods 

w e r e  used as targets .  Although blocks of d i f f e ren t  types  were  having d i f ferent  
* 

compositions but they were  of t h e  s a m e  s i ze  i.e. 75  x 75 x 17.5 crn. Compre-  

ss& s t rength  of each  block was measured by n o n d e s t r u c t i v e  method before 

firing and i t  was  found t o  b e  in t h e  r ange  of 350 2 2 0  Kg/Cm . Detai ls  of 

these  blocks have been shown in Figures 2 (a,b,c). 



Multiple Spark Photogrephy was  used for  seeing t h e  flight of t he  pro- 

jectile in pr@ and post iwipact stages. me trans ient  behaviour of t he  ta rge t  

during i t s  interact ion with t h e  project i le  was  also recorded. A pair of screens 

connected with microsecond counter  was  placed in f r o n t  of t h e  block ( ta rge t )  

f o r  measuring t h e  velocity of t h e  projectile,  just be fo re  impact .  In every experi-  

menta l  t r ia l  conc re t e  t a r g e t  was  placed vertically, facing muzzle of t h e  laun- 

cher .  The project i le  was  allowed t o  h i t  at t h e  c e n t r e  of t h e  block and only 

o n e  t r ia l  was  conducted on each  block. 

All experiments  were  conducted f o r  normal a t t a c k  only. Figure 3 shows 

t h e  s e t  up of t h e  experiment. 

Observation 

A f t e r  complet ion of each  exper iment  t h e  project i le  was recovered 

and examined careful ly for  any damage  sustained. In no  case t h e  projectile 

was  found t o  have any type of damage.  Af ter  e a c h  firing, t he  ta rge t  was 

also examined and i t  was  found t o  have  inculcated a c r a t e r  of almost  conical 

in shape  with circular  base, on t h e  f ron t  su r f ace  of t h e  block and the  apex 

inside. The damage  was assessed in t e r m s  of t h e  penet ra t ion  i.e. the  depth 

of t h e  apex f rom the  f ront  surface,  d ia  of t h e  c r a t e r  (mean of t h e  two values 

measured a t  right angles) and t h e  volume of t h e  c r a t e r  in each  of t h e  experi- 

ments. The d a t a  for  d i f fe rent  impac t  veloci t ies  of project i le  have been given 

in Table I,  I1 and 111 for  PCC, S F R C  arid S F R C  reinforced with s tee l  rods, 

respectively. At lower velocities all t h e  t h r e e  types  of conc re t e  t a rge t s  sus- 

tained damage  on the  f ron t  su r f ace  only and no  e f f e c t  on t h e  rear  was r e -  

corded. But a s  t he  impact  velocity was  increased a s t a g e  was  reached when 

c racks  were  developed on t h e  r ea r  of t h e  c o n c r e t e  targets.  Figures 4, 5, 6 

show the  cracks  developed on t h e  r e a r  of t h r e e  types  of blocks. For further  



increase in t h e  impact  velocity, a scab  was  thrown off f rom t h e  rear  of t he  

block. In be tween these  two s t ages  a c r i t i ca l  s t a g e  was also observed where  

s cab  a big chunk was  found hanging at t h e  rear  sur face  and was  about  t o  b e  

detached.  Figure 7 and 8 shows t h e  c r i t ica l  s t age  of t h e  scabbing. Fig 9 shows 

sequentially t h e  scab  flying away f rom t h e  r ea r  of t h e  block. The scab  was  
I 

not  one  mass of conc re t e  but sha t te red  pieces leaving a c r a t e r  of conical 

shape. These observations were  similar fo r  all  types of concretes .  Figure 10, 

11 and 12 show t h e  c r a t e r  f o r v e d  a f t e r  t h e  scab  was thrown off f rom t h r e e  

types  of blocks. I t  is evident  f rom these  f igures t h a t  t h e  c r a t e r  we re  of diffe-  

r e n t  s izes  for  d i f fe ren t  types of concre te .  blocks. The d ia  of t h e  c r a t e r  on 

t h e  r ea r  was measured along two perpendicular axes  and mean taken. I t  was  

a significant observation tha t  t h e  d i a  of t he  c r a t e r  on t h e  r ea r  side was always 

bigger than the  dia formed on t h e  f ron t  side. Values of t h e  depth and volume 

of t he  c r a t e r  so formed on t h e  r ea r  of t h e  t h r e e  types of blocks were  also 

recorded. The d a t a  has been given in Table IV. 

Discussion 

To e v a l ~ a t e  t h e  compara t ive  behaviour of t h r ee  types of concretes ,  

based on t h e  damage  inculcated on them,  graphs were  plot ted tak ing- impact  

velocity on x axis  and penetrat ion,  c r a t e r  dia  and volume of t h e  c r a t e r  formed 

on t h e  f ron t  sur face  on Y axis. These have been  shown in Figure 13, 14  and 

15. I t  is evident  fr,wn Figure 13 t h a t  SFRC' re inforced  y i t h  s t ee l  rods bf fered  

maximum resis tance t o  penetrat ion while P C C  t h e  miriimum. But no marked 

d i f fe rence  in t h e  penetrat ion behaviour of t h r e e  types of conc re t e  was  recorded 

up to  a velocity of 160 m/sec. Figure 1 4  and '15 show t h e  variation of c r a t e r  

. d ia  and c r a t e r  volume of t h r e e  types  of conc re t e s  wi th  impact  velocity of 

t h e  projectile.  These two graphs also show t h a t  fo r  impact  velocity upto  160 



m/sec, t he  variation in these  two  parameters  is almost  the  same for  three 

types of blocks. It is only a f t e r  this value of impact  velocity the  curves diverge 

from each  other. 

A close look t o  these graphs reveals  t ha t  SFRC reinforced with s tee l  

rods of fers  maximum resistance t o  t h e  impact  of high velocity projectiles 

sustaining miinimum damage on t h e  f ront  su r f ace  followed bySFRC and P C C  

in sequence. 

Regarding, scabbing behaviour of concre tes  i t  has already been men- 

tioned in observation column t h a t  t h e  damage incurred due  t o  scabbing on 

the  rear  su r f ace  for  any concre te  is always grea ter  than i t s  respect ive front  

sur face  damage. For  having a comparison of t h e  scabbing behaviour of three  

types of concretes histogram of recorded values of four parameters  i.e. cr i t ical  

velocity of scabbifig, volume, dia and depth of c r a t e r  fa rmed cn the  blocks 

a f t e r  the  scabs were  thrown off were  plotted. This has been shown in Fig 

16. This histogram clearly shows t h a t  o u t - o f  t h r e e  types concretes,  i t  is P C C  

which suffers  scabbing most easily i.e. at t h e  lower impact  velocity than SFRC, 

and SFRC reinforced with s tee l  rods, which follow in sequence. Damage caused 

due  t o  scabbing also follows the  same  sequence and volume of t he  c ra t e r  

formed in th ree  types of concre te  i.e. SFRC reinforced.  with s tee l  rods, SFRC 

and P C C  &re in t h e  ra t io  l:l .k4.5 while d ia  bears  up a ra t io  k1.82.3' and 

depth cf penetratioin 1:12: 1.5. 

Conclusion' 

Based on above investigations superiority of s tee l  f ibre  reinforced 

conc re t e  over PCC against impact  of high velocity projectiles has been esta- 

blished. However, if this conc re t e  is fu r the r  reinforced suitably with s tee l  

rods will provide more immunity against  t h e  said a t tack .  
I\, 
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